A simple reversed phase high performance liquid chromatography (RP-HPLC) method was developed for the determination of putrescine, cadaverine and spermidine (a class of polyamines) in their benzoylated form from external known standards. In the optimization procedure, a number of parameters were examined: 1) Solvent used in the extraction of standard polyamines (diethyl ether versus chloroform); 2) Solvent used in the elution of the polyamine (methanol versus acetonitrile); 3) Mode of derivatization and extraction step(s) (derivatization and extraction performed together versus derivatization and extraction performed separately); and 4) Other instrumental parameters (such as UV detection wavelength, gradient profiles). The advantages of our method, relative to the standard Morgan method are: a) decreased chromatographic runtime, b) ease of preparation with good resolution, sensitivity, and reproducibility using a standard RP-HPLC method.
Introduction
Cardiovascular diseases (CVD, *) are a major cause for death of people in North America and have been attributed to a number of epidemic factors [1] . One potential mechanism for the increased incidence of CVDs affecting 81million Americans is alteration in polyamine content in the heart [2] . Other risk factors associated with CVD are high blood pressure, poor diet and obesity. Clinical studies have demonstrated that intake of polyamines from external sources can minimize the incidence of CVD [3] . Polyamines are a class of polycationic compounds, which are ubiquitous in many tissues of mammals and other organisms. The three most common members of the polyamine family are: cadaverine, putrescine and spermidine which are low molecular weight aliphatic compounds containing nitrogen, are necessary for cell growth and differentiation in living cells [4] [5] [6] . Furthermore, polyamines consist between three to five methylene groups between the terminal nitrogen atoms. Early diagnosis and detection would allow treatment and decrease CVD attributed mortality and a number of clinical and analytical approaches have been utilized towards this end. Previous studies using urine sample of cancer patients allowed determination of polyamine to be conducted using a chromatographic approach, where correlation was observed between patients with and without disease and amount of polyamine [7] . Endogenous cadaverine is synthesized using lysine as the starting material via lysine decarboxylase (scheme shown in Figure 1) . Similarly, putrescine is synthesized through a decarboxylation step using ornithine and spermidine was formed by the action of spermidine synthase, which attaches putrescine to an aminopropyl group from decarboxylated S-adenosylme- thionine [8] [9] [10] [11] . The synthesized polyamines are used by the organisms for a number of biological processes, however if the levels are above or below certain biological tolerances, a disease state can result, for example if red blood cells (RBC) contains high levels of polyamines, certain tumors can result [12] [13] [14] [15] which can be monitored through analysis of biological matrices such as urine or plasma [16, 17] . As previously stated a number of analytical methods can be used to monitor changes in polyamine content from biological tissue, the most common being reverse phase high performance liquid chromatography (RP-HPLC), which allows for separation, detection and quantification of polyamines (namely putrescine, cadaverine and spermidine).
The current analytical aim was to characterize polyamines using an enhanced methods, where 'enhanced' refers to a finalized procedure yielding greater analytical speed ('run time'), greater peak sensitivity (measured as signal-to-noise ratio) and better precision. In our approach, polyamines were benzoylated using benzyl chloride with 1,6-diamino hexane as the internal standard [18] . In comparison, with methods described in the literature polyamine were identified and separated in 40 minutes using water and methanol as solvent system using wavelength of 254 nm [19] . An alternative HPLC method required 20 minutes for detection and isolation of polyamines using wavelength of 254 nm [20] . Both methods utilized (O-Phthalaldehyde) OPA type columns, lastly, a method described by Smith and Davis, required 30 minutes for identification and separation of polyamines using wavelength of 254 nm [21] .
Since the above methods required a number of complex procedures, an attempt was made to simplify the procedure described herein. We report a revised procedure, in which the sample is derivatized, eluted and characterized using a C-18 column in the benzoylated form.
Experimental Setup
Unless otherwise stated, all chemicals were reagent grade, with ultrapure water *.
Materials and Methods
All Chemicals unless otherwise specified were obtained from VWR International (West Chester, PA) or SigmaAldrich (St Louis, MO). The solvents were analytical grade and were filtered using a 0.2-micron filter. Ultrapure water (Milli-Q, 18 M) was used to makeup any buffers or binary solvents and used to dissolve the polyamine standards
Materials
Benzoyl chloride, 1,6-diaminohexane were purchased from Alfa Aesar (Ward Hill, MA), Cadaverine dihydrochloride was purchased from Pfaltz Waterbury, CT) and Bauer, Inc (Waterbury, CT), Putrescine dihydrochloride was purchased from Spectrum chemicals Mfg Corp (Gardena, CA) and Spermidine trihydrochloride was purchased from Calbiochem (San Diego, CA). HPLC grade acetonitrile was obtained from Fisher chemicals (Tustin, CA). HPLC grade methanol was obtained from J.T Baker (Phillipsburg, NJ) and all other chemicals and reagents were obtained from Sigma-Aldrich (St. Louis, MO).
Equipment
Waters HPLC (Milford, MA) was equipped with automated sampler was used to carry out the separation of benzoylated polyamines. Provided with binary HPLC pump, 20 µL Rhenodyne loop injector (Cotati, CA) and 5 µm particle size harmony C-18 reverse-phase column from ES Industries (VWR International, Bridgeport, NJ). Benzoylated polyamines were detected using UV Beckman detector at 229 nm. The output from this detector was quantified and integrated using Breeze software. All experiments were performed at room temperature. The prepared standards were stored at -20˚C for up to three months, -70˚C for one year use.
Benzoylation Procedure
To a sample (of 1 ml) containing 50 µmole amines 1 molar equivalent (5 µl, HCl) (1 molar equivalent) was added. The sample was shaken briefly using a vortex mixer and to this, the basic internal standard was added. This consisted of 5 µl of 1,6-diamino hexane (internal standard) and 995 µl of 2 N sodium hydroxide (base). The basic polyamine was derivatized using (5 ml) which benzoyl chloride was added to the solvent mixture and was mixed for about 20 minutes at constant temperature. The derivatized polyamine containing both organic and aqueous compounds was separated using centrifugation (× 15,000g, 15 min). After centrifugation, the upper organic phase was removed and used in the extraction of the polyamines. The organic layer was then extracted twice with diethyl ether (2 ml × 2) and the organic layers combined. The extracted layers were dried in a stream of nitrogen. The remaining residue was dissolved in acetonitrile (100 µl). The extracted polyamines were approximately of 50 µmoles and diluted to 0.5 µmoles in 1 mL. 20 µl of the polyamines was characterized using RP-HPLC at wavelength of 229 nm [22, 23] .
HPLC Analysis
20 µl (< 50 µmoles) was injected and separated using the C-18 (harmony, VWR International) column, initially eluted using a gradient elution profile. The elution profile began with 70% of solvent A (acetonitrile) to 100% A over 2 minutes, then to 100% of A over 13 minutes and finally to 100% of A to 70% of A over 2 minutes. The flow rate was 1 mL/min and the total run time with method 1 was 15 min [24] . The polyamines were extracted with either diethyl ether as described previously or with chloroform (2 ml × 2) with everything else remaining the same and both characterized using the same chromatographic method.
Results
The relative merits of the extraction approach will presented and for the preferred extraction method the analytical accuracy, precision, signal-to-noise is presented followed by a comparison of the characterization of the polyamines standards with a comparison with current literature methods concluding with benefits of our approach (see Tables 1, 2) .
Linear regression was employed which was mainly deals with summarizing the significance of the obtained data with two or more variables. To fit a curve to the given data, a combination of statistical techniques along with regression analysis for determination of valid data points within a data were used.
The regression analysis was used for prediction and forecasting. The regression analysis fit was linearlized as an equation "Y= m X + C" where "m" is the slope of the line and "C" the y-intercept which are constants [25, 26] . Table 2 indicates the linear regression parameters of a set of individual standards. The polyamines standards were analyzed using the new HPLC method which gave more accurate results (summarized in Table 1) . Table 1 gives information regarding various different retention characteristics of three polyamines found in biological tissues and also in body fluids. Good separation of these polyamines was achieved (separation of polyamine mixture is shown in Figure 2 , one example of improvement in peak intensity with methanol or acetonitrile extracted with diethyl ether, or chloroform is shown in Figure 3 and 4 respectively), values with excellent precision. The improvements in peak intensity were observed with all of the polyamines evaluated (raw chromatograph for the other polyamines are shown similarly extracted with diethyl ether is also shown in Figures 5-8) . Two possible sources of instrumental artifacts could affect the measured values. These can be attributed to the ageing of the column may result in increased line width of the peaks. If there was an obstruction in the column, it will only result in delayed values with an increase in pressure. But, as the same resolution was measured and the samples were centrifuged and filtered, the two aforementioned instrumental artifacts were not observed.
Standard Curves
The correlation coefficients were more than 0.997 for the concentrations which were investigated. The linearity for all the polyamines were exhibited using absolute amount to that of area under the curves ( Table 2 ).The concentrations which were investigated were 0.5, 0.25, 0.125, 0.0625, 0.0312, 0.0156, 0.0078, 0.0036 micromoles for Putrescine (Put), Cadaverine (Cad) and Spermidine (Spd) [27] .
Recovery and Precision
500 pmol of each compound was combined and recovered, from which recovery percentage and quantification using: R = X2/X1 × 100 (1) where X1 = Weigh value and X2 = Calculated value.
This procedure was repeated 3 times a day for 3 consecutive days and analyzed for variance and precision. The variance was between 88% and 125% ( Table 3) with 99% precision.
The interday coefficient of variation was calculated from results of three consecutive days for mixture containing 500 pmoles of each polyamine. Also the intraday variation coefficient was calculated from 3 determina tions of mixture which contained 500 pmoles of each individual compound [28, 29] .
The detection limit considered to be absolute amount which generated a signal 5 times the baseline was observed. The lowest detection limit for putrescine, cadaverine and spermidine was 5 pmol with diaminohexane as internal standard with excellent differentiation and retention time.
Cadaverine was extracted with diethyl ether or chloroform and seperated with methanol or acetonitrile. Cadaverine extracted with diethyl ether and seperated 
Discussions
with acetonitrile was comparable to seperations achieved for putrescine and spermidine in giving very good resolution, accurately and reproducibility for all extracted polyamines.
Accurate analysis of polyamine is important in understanding pathophysiology in tissue stress. And essential in understanding disease epidemiology and homeostasis. Our method was able to recover 88% to 125% of spiked polyamines derivatized with benzoyl chloride using 1, 6-diamino hexane as internal standard. Similar trends were observed in the recovery of the internal standard (1,6-diamino hexane). The limit of detection with acetonitrile as solvent was 500 pmoles, which is similar or superior to other published methods which utilize chromatography. The present study, demonstrates greater sensitivity, resolution and reproducibility with the shorter run time to comparable chromatographic-based methods such as pioneered by Morgan [30] . Other advantages were lower consumption of HPLC elution solvent driving down cost of analysis.
Conclusions
In short, we have demonstrated a modified method based on Morgan's protocol which yielded excellent sensitivity, resolution and a limit of detection of 500 pmoles which is superior to other reported values of 800 pmoles. This method is also more economical by virtue of its lower run time and less consumption of solvents.
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